Background: Falls are a major cause of morbidity and mortality in older adults. About a third of those aged 65 years or older fall at least once each year, which can result in hospitalizations, hip fractures and nursing home admissions that incur high costs to individuals, families and society. the objective of this clinical review was to assess the risk of falls in ambulatory older adults who take antiepileptic drugs, medications that can increase fall risk and decrease bone density. tentons, par conséquent, d'identifier les risques de chutes associés aux antiépileptiques.
Methods:
PubMed, EMbAsE, MEDLINE and the cochrane Library electronic databases were searched from inception to July 2014. casecontrol, quasi-experimental and observational design studies published in English that assessed quantifiable fall risk associated with antiepileptic drug use in ambulatory patient populations with a mean or median age of 65 years or older were eligible for inclusion. One author screened all titles and abstracts from the initial search. two authors independently reviewed and abstracted data from full-text articles that met eligibility criteria.
Results: searches yielded 399 unique articles, of which 7 met inclusion criteria-4 prospective or longitudinal cohort studies, 1 cohort study with a nested case-control, 1 cross-sectional survey and 1 retrospective cross-sectional database analysis. studies that calculated the relative risk of falls associated with antiepileptic drug use reported a range of 1.29 to 1.62. studies that reported odds ratios of falls associated with antiepileptic drug use ranged from 1.75 to 6.2 for 1 fall or at least 1 fall and from 2.56 to 7.1 for more frequent falls.
Discussion: Health care professionals should monitor older adults while they take antiepileptic drugs to balance the need for such pharmacotherapy against an increased risk of falling and injuries from falls. Can Pharm J (Ott) 2017;150:101-111.
Several medication classes contribute to the increase in risk of falls in older adults. While the risk is recognized with certain psychotropic medication classes such as benzodiazepines and antidepressants, it is not well recognized with antiepileptic drugs. We therefore sought to establish the risk of falls with antiepileptic drugs.
Plusieurs classes de médicaments contribuent à augmenter les risques de chute chez les personnes âgées. Bien que l' on reconnaisse l' effet sur les risques de chute de certaines classes de médicaments psychotropes, comme les benzodiazépines et les antidépresseurs, ce n' est pas le cas des antiépileptiques. Nous

Introduction
The World Health Organization estimates that 1 in 3 people over the age of 65 years falls at least once annually. 1 Falls account for approximately a third of injury-related hospital admissions in older adults, 2 90% of hip fractures and a 20% mortality rate within a year of a hip fracture. [3] [4] [5] These outcomes collectively place a significant burden on individuals, families and the health care system. The 1998 Health Canada SMART-RISK analysis estimated that a 20% reduction in falls would result in 7500 fewer hospitalizations and a national savings of some $138 million annually. 6 A number of factors put older adults at increased risk for falls, among them vascular diseases, chronic obstructive pulmonary disease, depression, arthritis, impaired mobility and gait, evidence Review deconditioning and immobility, reduced visual acuity and foot problems. 7 Compounding these risk factors are changes in susceptibility to the pharmacodynamic effects of medications with increasing age, which amplify the central nervous system-acting effects of drugs and result in symptoms that include ataxia, sedation, confusion, dizziness and blurred vision. 8 Such adverse effects are commonly encountered with benzodiazepines, antihypertensives and antidepressants. 9 Indeed, the risk of falls from benzodiazepines is well established in meta-analyses, 10, 11 and in one systematic review, several classes of drugs, including psychotropic medications, antidepressants, neuroleptics and cardiovascular medications, were also found to increase the risk of falls. 12 However, it is unclear in these metaanalyses 10, 11 whether the classification of psychotropic medications included antiepileptics and neither study reported the risk of falls with antiepileptics as a drug class. Furthermore, these meta-analyses incorporated populations from both community and long-term care environments. Deandrea et al. 's systematic review 13 and meta-analysis of studies investigating the contribution of multiple factors to the risk of falling among community-dwelling older adults demonstrated an odds ratio (OR) of 1.88 (95% confidence interval [CI]: 1.02-3.49) with antiepileptic drugs (AEDs). This meta-analysis included only 4 studies, of which only 1 had investigated the risk associated with phenytoin rather than antiepileptics in general. Studies published since then have reported ORs of 2.1 14 and 2.8 15 for falling among AED users. However, differences in the populations investigated, outcomes measured and risk reported complicate the interpretation of risk of falling with AED use.
The incidence of epilepsy has 2 peaks-the first in early childhood and the second in older adults-and among those aged 75 years and older, the incidence increases 2-to 3-fold. [16] [17] [18] This is concerning because seizures themselves can increase the risk of falls and the adverse effects of AEDs, which include ataxia, sedation, confusion, dizziness and blurred vision, can also increase fall risk. 19 With aging populations and expected increases in AED use, not only to treat seizures but also conditions such as pain, it is imperative that the risk of falls with AED use in community-dwelling older adults is well established.
The aim of this clinical review was to assess the risk of falls in ambulatory older adults who are taking AEDs. This review synthesizes findings from a range of studies with a goal of guiding primary care providers who seek to balance the need for AED therapy against the increased risk of falling and consequent injury, especially in at-risk older adults.
Methods
This review assessed fall risk in ambulatory older adults, which we defined as individuals with a mean or median age of 65 years or older whose primary residence was in the community, not in nursing homes, long-term care homes or hospitals.
Data sources and search strategy
A single reviewer (M.M.) searched PubMed, MEDLINE, EMBASE and the Cochrane Library electronic database from their first indexed records up to July 2014 using Boolean operators AND and OR with the following terms: falls, elderly, aged, older adults, antiepileptics, antiepileptics and anti-seizure medications. Searches were also conducted using each of the following AED names in combination with the search terms outlined above: phenytoin, carbamazepine, oxcarbazepine, phenobarbital, primidone, valproic acid/valproate/valproex, lamotrigine, zonisamide, topiramate, levetiracetam, felbamate, ethosuximide, rufinamide, tiagabine, vigabatrin, pregabalin and gabapentin.
Bibliographies of eligible studies were searched for additional relevant studies. Drug monographs of AEDs in e-Therapeutics Canada, the Canadian Drug Product Database and international monographs (i.e., Epocrates) were also searched to determine fall risk in ambulatory
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• Falls are a leading cause of injury and injury-related deaths among older adults, which can place a significant health and financial burden on individuals, their families and health care systems. • Antiepileptic drug use among ambulatory older adults leads to increased risk of falling similar to, or greater than, other psychotropic agents such as benzodiazepines, antidepressants and antipsychotics. • Health care professionals directly involved with patient care should monitor older adults while they are taking antiepileptic drugs to balance the need for such pharmacotherapy against an increased risk of falling.
evidence Review older adults. Search results were entered into a Microsoft Excel spreadsheet. Mendeley, 20 a free online reference management system, was used to share and discuss articles selected for full review.
Study selection
One reviewer (M.M.) screened all titles and abstracts from the initial search. Two reviewers (M.M. and T.P.) independently reviewed all fulltext articles after the initial screen for eligibility. Any discrepancies during the eligibility screening, data abstraction and study quality assessment processes were resolved by discussion to reach consensus. Studies were included if participants were older adult ambulatory patients. Studies were excluded if their participants were on concurrent benzodiazepines or if they had a history of drop attacks or disease states that independently increase the risk of falls for which data analysis was not provided or conducted separately. Studies were excluded if it was evident that falls resulted from external factors, such as those caused by uneven surfaces. Studies investigating interventions to reduce the risk of falls were excluded.
Eligible studies were limited to those published in English. Randomized controlled, casecontrol, quasi-experimental and observational studies and reviews were eligible for inclusion, but case reports and case series were excluded. Studies that did not include a comparative analysis of AEDs were excluded.
Only studies that reported quantifiable data on falls were included. Studies that lacked sufficient data on falls to allow assessment of risk were excluded, as were those that assessed or presented the risk of falls with AEDs in combination with other agents. In addition, studies that reported the risk of fractures but not of falls were excluded, as were those that did not separate inpatient and outpatient data. Studies that reported data on patients taking benzodiazepines and who had risk factors that increased the likelihood of falls were included provided that data on risk pertaining to AED use were analyzed separately.
Data abstraction and analysis
The following data were abstracted from studies: study design, location and duration, participant demographic details, AED details and falls. Reported relative risks (RRs), ORs and their related CIs were extracted. The Cochrane Collaboration's Review Manager (RevMan, version 5.2 for Macintosh) was used to determine the RR for 1 study from prevalence data that were reported.
Study quality
The Effective Public Health Practice Project's quality assessment tool for quantitative studies 21 was used to determine the internal validity of selected studies and to assess the strengths and limitations of available literature on falls in ambulatory older adults (Box 1).
Components 1 to 6 were rated strong, moderate or weak. Studies were given a global rating of strong (if no weak ratings), moderate (if 1 weak rating) and weak (if 2 or more weak ratings) (Table  1 ). Components 7 and 8 were not assessed because these components were unknown or absent.
Results
Electronic database searches yielded 1432 citations, of which 399 were unique articles. Of these, 229 were excluded, as review of their abstracts revealed that these studies were not relevant to our research question. Another 144 were excluded because the studies did not meet our inclusion criteria. After this initial screening, 26 articles were selected for full-text review by 2 reviewers (M.M. and T.P.). Of these, 19 were excluded for the following reasons: 10 studies reported insufficient data or results regarding falls, 5 were conducted in an inpatient or nursing home population, 1 was a literature review, 1 an editorial, 1 reported falls as a confounder and 1 investigated pharmacist intervention to reduce risk of falls. This left 6 studies that met the inclusion criteria. evidence Review these articles yielded an additional study that met our inclusion criteria, bringing to 7 the number of studies in this review (Figure 1 ). Seventeen AED drug monographs were searched for data on falls; however, none provided adequate information on falls in older adult patients or citations for additional studies to include in this clinical review.
Study and participant characteristics
Of the 7 studies, 4 were prospective or longitudinal cohort studies, [22] [23] [24] [25] 1 was a cohort study with nested case control, 14 1 a cross-sectional survey, 15 and 1 a retrospective cross-sectional database analysis. 26 Studies varied in duration of data collection on falls from 1 year 26 to a mean of 5.3 years of follow-up. 14 One study asked participants to recall falls over the previous year. 15 Sample sizes ranged from 20,551 patients in a retrospective cross-sectional Veterans Health Administration study 26 to 979 persons in a prospective study among rural home-dwelling older adults. 23 Two studies were on female-only participants 22, 24 and 1 on male-only participants. 15 Participants in all studies were at least 65 years of age or the mean or median age of individuals comprising the study was more than 65 years.
Falls risk assessment
Risk of falls was reported as RR in 3 studies, 23, 24, 26 as OR in 3 studies 14, 15, 25 and as multivariate ORs in 1 study. 22 Some studies reported the risk of BOX 1 components of quantitative studies 21 1. selection bias: whether participants in the study represent a target population and percentage of selected individuals who agree to participate 2. study design: whether the study was randomized, method of randomization and appropriateness of the randomization method 3. confounders: whether there were important differences between the groups and what percentage of relevant confounders was controlled 4. blinding: whether the outcomes assessors were blinded, whether the participants were blinded 5. Data collection methods: whether data collection tools were valid and reliable 6. withdrawals and dropouts: whether withdrawals and dropouts were reported and what percentage of participants completed the study 7. Intervention integrity: what percentage of participants received the allocated intervention, if the consistency of the intervention was measured and if it was likely that subjects received an unintended intervention 8. Analyses: unit of allocation, unit of analysis, whether statistical methods were appropriate and if analysis was intention to treat Table 2 ).
In their prospective 4-year study of 8378 community-dwelling women with a mean age of 71 years, Faulkner et al. 24 determined an RR of falls among users of antiepileptics of 1.62 (95% CI: 1.31-2.02). With a similar methodology and study intent, Koski et al. 23 demonstrated in a 2-year study an RR of falls of 1.5 (95% CI: 1.2-1.87) among 979 AED users aged 70 years or older.
In their 1-year retrospective cross-sectional study of Veterans Health Administration patients, French et al. 26 found that patients using antiepileptics/barbiturates had more fall-encoded encounters (8.95%) than patients with nonspecific chest pain (5.18%). Although these researchers did not report RR, using data from the study, the authors of this review calculated an RR of 1.29 (95% CI: 1.26-1.33) using the percentage of fall-encoded events with AED use as the outcome measure. 22 Among participants who reported a previous fall, AED users were 3.4 times more likely to fall at least once (multivariate OR: 3.44, 95% CI: 1.72-6.90) and 4.3 times more likely to fall multiple times (multivariate OR: 4.29, 95% CI: 2.14-8.63) than nonusers. 22 However, these researchers found that if participants reported no previous falls, the odds of falling once (multivariate OR: 0.99, 95% CI: 0.51-1.91) or multiple times (multivariate OR: 1.13, 95% CI: 0.39-3.30) among AED users were not significantly different from those of nonusers. 22 In their cross-sectional survey of 4696 Danish men aged 60 to 75 years, Masud et al. 15 reported the OR of falls with AED use as 2.8 (95% CI: 1.5-5.1) and for recurrent falls with AED use as 2.6 (95% CI: 1.2-5.7). Tromp et al. 's 25 study of 1469 men and women aged 65 years or older reported the highest OR of 6.2 (95% CI: 2.0-19.7) for falls and an OR of 7.1 (95% CI: 2.5-19.8) for recurrent falls with AED use.
Analysis of study quality
Study quality was assessed using the Effective Public Health Practice Project's quality assessment tool. 21 Of the 7 studies, 6 were rated as weak and 1 rated of moderate quality using our global rating scale (Table 1) . Most studies were rated poor because of missing information on blinding, data collection tools, proportions of males and females and methodology.
Discussion
In studies of older adult ambulatory populations, AED use was associated with an increased risk of falls, with RRs that ranged from 1.29 to 1.62 and ORs that ranged from 1.75 to 6.2, the CIs of which were all statistically significant. However, it is important to note that the CIs for ORs were large, bringing into question the precision of the estimate. The risk appeared higher for recurrent falls, but studies did not provide adequate data to calculate an overall increase in RR.
Carbone et al. 's 27 prospective cohort study of more than 138,000 women (1385 AED users and 137,282 nonusers) was not included in our review because the mean age of participants (63 years) did not meet our inclusion criteria. Nonetheless, this study provides a wealth of data on falls associated with AED use. The authors compared the risk of 2 or more falls among AED users with that of nonusers, expressing findings as a hazard ratio (HR: 1.62, 95% CI: 1.5-1.74) over a follow-up period of 7.7 years. 27 The HR for patients who took AEDs for less than 2 years' duration was 1.58 (95% CI: 1.40-1.79), for those who took AEDs for 2 to 5 years was 1.55 (95% CI: 1.36-1.76) and for those who took AEDs for more than 5 years was 1.71 (95% CI: 1.52-1.94). 27 Given that these researchers found an association between AED use and falls in an ambulatory population younger than those in our clinical review, it is reasonable to assume that a similar magnitude of association-if not greater-would be seen in older adult populations because the propensity to fall increases with age. 7 Psychotropic agents such as benzodiazepines, antidepressants and antipsychotics are also well known to increase the risk of falls. Metaanalyses of studies in older adult populations have reported an increased risk of falling with benzodiazepines (OR: 1.39-1.6), antidepressants (OR: 1.59-1.72), antipsychotics (OR: 1.5-1.71) and sedative-hypnotics (OR: 1.31-1.54). [10] [11] [12] 28 The similarity in fall risk ORs for different psychotropic medications, including benzodiazepines, antidepressants, antipsychotics, sedative-hypnotics and antiepileptic medications, suggests the need for medication reviews to justify continued use of these drugs in older adult patients. Although discontinuation is not always possible and could result in detrimental control of certain conditions, medication reviews should be conducted that balance need and effectiveness with safety of psychotropic agents, including AEDs, with a clear idea of expected outcomes from their use (Box 2). A lower initiation dose with monitoring and follow-up will promote the use of the lowest effective dose among older adults. Extra vigilance is especially needed for those with a prior history of falls, as well as those with comorbidities, such as peripheral neuropathy and hypoglycemic episodes from poor diabetes control, or imbalance and orthostatic hypotension in Parkinson's disease, that predispose a person to an increased risk for falls (Box 2).
evidence Review
In their descriptive epidemiological study of epilepsy, Hauser and colleagues 29 found that the incidence of epilepsy peaks in childhood and then increases again after about age 60. Similarly, Kotsopoulos and colleagues 30 found that the age-specific incidence of epilepsy has a bimodal distribution-highest in childhood but also high and increasing among those aged 60 years or older. The number of prescriptions for AEDs has increased in older adult populations because of this second peak. In the United States and Europe, about 1% of ambulatory older adults are prescribed an antiepileptic medication for epilepsy. [31] [32] [33] Although we reviewed only studies of ambulatory older adults living in the community, the prevalence of AED use is much higher-around 10%-among nursing home residents. 34, 35 Although AEDs are linked to hypocalcemia and decreased biologically active vitamin D levels, which lead to lower bone mineral density, 36 a 2001 survey of neurologists revealed that only 28% of adult neurologists routinely assessed patients taking antiepileptics for bone and mineral disease. 37 As this is a class of agents that not only increases the risk of falls but also reduces bone mineral density, it is important for health care professionals to be aware of the potential both for falls and for subsequent fracture injury, particularly among older adults.
A major limitation of this clinical review was the inability to perform a meta-analysis. Although the studies in this review reported RRs or ORs, they did not provide sufficient information on events in 1 or both groups and/or did not provide data on sample sizes in 1 or both groups to provide a summary measure. This is not surprising, given that the primary objective of many of the studies was not to assess the risk of falls and that many studies reported these results as secondary objectives or as findings that were revealed through additional analyses. In addition, studies that met our eligibility criteria included mostly cohort studies and were not designed to establish causality between AED use and falls.
Our initial database searches returned 49 studies published in languages other than English, some of which might have been excluded for other reasons. Given that our inclusion criteria had greatly reduced the number of studies published in English, it is possible that a similar reduction would have been seen in studies published in other languages. Nonetheless, our methodology introduced a potential bias that could influence results.
Another limitation of our review was the variability in follow-up duration and the outcome measures in the studies. Study duration varied from 1 year 26 to a mean of 5.3 years. 14 Similarly, some studies determined the risk of 2 or more BOX 2 tips for pharmacists assessing fall risk from use of antiepileptic drugs • Antiepileptic drugs (AEDs) increase the risk of falls in older adults. to lower fall risk, review all medications annually to assess their indication, efficacy and safety. • Ensure the patient's medication profile provides a comprehensive list of all prescription drugs, over-the-counter medications and natural health products. If unsure, ask the following questions:
 Have you filled prescriptions at another pharmacy in the past 3 months?  Do you have more than 1 prescriber? Do you see any specialists?  Are you taking any over-the-counter drugs or natural health products? • Evaluate the safety profiles of prescribed drugs, over-the-counter medications and natural health products to assess fall risk. Determine if lower doses or different administration schedules could decrease risk of falls. • be aware of the pharmacokinetic and pharmacodynamic properties of drugs that may increase the risk for falls. 8 • when assessing fall risk from medications, consider how comorbidities as well as medications used to treat them may increase risk of falls, 8 for example, seizures and adverse effects from AEDs, peripheral neuropathy and hypoglycemic episodes from diabetes mellitus and imbalance and orthostatic hypotension in Parkinson's disease. • reevaluate drugs that do not have an indication and discuss the possibility of discontinuing them. If appropriate, in collaboration with the patient's physicians and other health care providers, discontinue, titrate and taper drugs with no or inappropriate indications. • If drug therapy requires adjustment or discontinuation, create a plan to reduce the risk of harm, track progress and follow up on the outcome.
evidence Review falls, 22, 25 while others investigated falls only among AED users and nonusers. 14, 23, 26 None of the studies measured adherence to AED or patterns of use. Our assessment of study quality (Table 1) also revealed that most were methodologically weak because of missing information on researcher and subject blinding, data collection tools, proportions of males and females and methodology. Although most studies have some methodological limitations, formally assessing limitations as part of clinical reviews may heighten awareness of the need for greater methodological rigor overall. Finally, we were unable to determine the risk of falls associated with individual antiepileptic agents. Many studies either did not conduct analyses to determine the risk of falls with specific antiepileptics or did not report the analyses if conducted. The studies that focused on individual AEDs and their associated risk of falls had confounders such as patients with diabetic neuropathy, which could increase the risk of falls independent of AED use. Although an increased risk of falling from AED use has a biologically plausible mechanism, the statistical associations reported in this review might be attributable to other factors, among them preexisting conditions for which the AEDs were prescribed. To help elucidate association from causality, we suggest that a large randomized study on AED use in ambulatory older adults be conducted to assess the occurrence of falls prospectively as adverse events.
Conclusion
The RR of falls with AED use ranged from 1.29 to 1.62 and the ORs ranged from 1.75 to 6.2 (with large CIs) for 1 or more falls and 2.56 to 7.1 for recurrent falls. Despite this clinical review's limitations, these findings can guide pharmacists and other clinicians to assess the risk of falls among ambulatory older adults and to balance the need for AEDs with the increased risk of falls resulting from these agents, particularly in light of the likelihood of polypharmacy in this population (see Box 2) . Future studies with better-defined outcome measures (all falls, recurrent falls or any falls), duration of followup, adherence or use parameters, adjustment for confounding variables and determination of risk of falls with individual AEDs would provide clinicians with further guidance. ■ From the School of Pharmacy, University of Waterloo, Kitchener, Ontario. Contact t5patel@uwaterloo.ca.
